Grass Carp Ctenopharyngodon idella have been intentionally stocked for aquatic vegetation control across the Midwestern United States for several decades. During the 1970s, escapement of Grass Carp into the Missouri River facilitated their naturalization into much of the Mississippi River basin, including the Upper Mississippi River. Lock and Dam 19 (LD19) in Keokuk, Iowa, a high-head dam, represents a focal point for naturalized Grass Carp management where populations may differ between upstream and downstream pools due to limited upstream migration, but potential differences between populations have yet to be evaluated to the best of our knowledge. The objective of this study was to compare the relative abundance, size structure, condition, growth, and recruitment variability of Grass Carp collected upstream and downstream of LD19. Grass Carp were sampled monthly (April-October) during 2014 and 2015 from four locations in the Des Moines River (downstream of LD19) and five locations throughout the Skunk, Iowa, and Cedar rivers (upstream of LD19) using boat electrofishing and trammel net sets. Twenty nine Grass Carp were captured upstream of LD19 compared to 179 individuals captured downstream. Trammel nets only captured Grass Carp downstream of LD19; trammel net catch per unit effort upstream of LD19 was low and ranged from 0 to 8.0 fish/net lift (mean ± SE = 0.39 ± 0.13). Electrofishing catch per unit effort ranged from 0 to 22.7 fish/h (1.49 ± 0.30) and was higher downstream (2.42 ± 0.30) of LD19 than upstream (0.57 ± 0.07). Grass Carp downstream of LD19 tended to be smaller, younger, of lower body condition, had higher mortality rates, and were slower growing compared to those collected upstream and to populations documented in other systems. Understanding and monitoring adult Grass Carp population characteristics upstream and downstream of LD19 is necessary to determine how they may change in response to ongoing harvest efforts for invasive carps in these river reaches.
Introduction
Grass Carp were sampled monthly from April to October 2014 and 2015 at four sites 142 downstream of LD19 in the Des Moines River and five sites upstream in the Skunk, Iowa, and 143 Cedar rivers (Figure 1 ). Sampling sites within rivers were selected based on the location of river 144 access points, logistical constraints, and agency interests. Grass Carp have been effectively 145 captured using both boat electrofishing (Cumming et al. 1975; Wanner and Klumb 2009a;  (Table S1) . 165 All Grass Carp captured were weighed (nearest 1 g) and measured for total length (TL; 166 nearest 1 mm) during both years of the study. During 2015, the first pectoral fin ray on each side 167 was removed for age and growth analysis. Pectoral fin rays were used because the assigned age 168 agreement ±1 year is relatively high between pectoral fin ray and otolith age estimates in other 169 closely related carps (e.g., Silver Carp; Seibert and Phelps 2013) and have been previously used 170 to age Grass Carp (Wieringa et al. 2017 ). Furthermore, otoliths collected from a subset of Grass
171
Carp throughout this study revealed that annuli were not easily discernable (CJ Sullivan, 172 unpublished data). Pectoral fin rays (fin ray hereafter) were air dried at room temperature for at 173 least four weeks following collection before being processed. A 1-mm-thick cross section at the 174 base of the fin ray was cut using a Buehler Isomet low-speed saw (Isomet Corporation, 175 Springfield, VA). Each cross section was mounted to a glass microscope slide using Crystalbond 176 509 (Electron Microscopy Sciences). Wetted, 2,000-grit sandpaper was used to polish the surface 177 of the fin ray cross section to improve clarity. Cross sections were wetted with immersion oil to 178 further improve clarity, and annuli were viewed under a dissecting microscope with transmitted 179 light. Each fin ray cross section was independently aged by two experienced readers with no 180 knowledge of fish length, estimated age of other structure, or location. If the readers disagreed, 181 then a common age was decided jointly to ensure confidence in annulus identification. Bonferroni-corrected to maintain family-wise error rates of 0.05. Grass Carp condition was 218 evaluated using a length-weight relationship (Ricker 1975) and an analysis of covariance 219 (ANCOVA) of weight was used to assess potential differences in condition between populations 220 located both upstream and downstream of LD19 using log 10 length as a covariate. for Grass Carp populations upstream and downstream of LD19 using a weighted, age-based 231 catch-curve analysis with age as the independent variable and ln(frequency of catch) as the 232 dependent variable, where each data point was weighted by the ln(total catch) of that age class.
233
The descending limb of age-frequency histograms suggests a full recruitment to the sampling 234 gears at ages 5 to 6 for Grass Carp. Then, total annual mortality rates (A) were estimated 235 3 1
where Z is the instantaneous total mortality rate. Estimates of A were considered significantly 236 different among sites if 95% confidence intervals did not overlap. Differences in mortality rates 237 could be attributed to both natural and fishing-induced mortality, as variable amounts of 238 commercial harvest occurs across sites (e.g., Maher 2016) and rates herein likely reflect both 239 sources of mortality.
240
A weighted, two-way ANOVA was used to test for site and age differences in Grass Carp where L t is the TL at time t, L ∞ is the average asymptotic maximum TL, K is the Brody- 
